demonstrate an initial selective inhibition of net ribosomal RNA synthesis over that of ribosomal protein or total protein. Biotin could not be replaced by various extracts from which biotin had been removed, nor could osmotic stabilizers be found which could prevent lysis of the culture.
Biotin is known to be involved as a cofactor in five enzyme reactions: acetyl-coenzyme A (CoA) carboxylase (24) , adenosine triphosphate-dependent pyruvate carboxylase (22) , methylmalonyl-CoA carboxyltransferase (21) , $-methylcrotonyl-CoA carboxylase (2) , and propionylCoA carboxylase (8) . Moreover, biotin has been implicated in the synthesis of the decarboxylating malate dehydrogenase (3) , and ornithine carbamoyl transferase (6, 20) . Thus, the role of biotin in enzyme reactions is well documented. If biotin were completely removed from a biological system, these biotin-dependent enzymes would predictably become inactive, and synthesis of enzymes dependent on a biotin-mediated process would stop. Less understood are the consequences of growth under suboptimal levels of biotin, where compensatory mechanisms may occur, and where there may be a differential effect on the biotin-containing enzymes.
A few reports on the effects of biotin-deficient growth have appeared in the literature. Two wellknown cases are the excretion of glutamic acid from certain biotin-deficient bacteria (1, 5, 9, 13, 23) , and the permeability changes in cell membranes of microorganisms growing in biotindeficient media (9, 16, 18) . In addition, morphological changes under the stress of biotin deficiency have been reported to occur in Arthrobacter globiformis (4), Saccharomyces cerevisiae (7) , and Bacillus megaterium (19) A search for osmotic stabilizers was initiated in the hope that we could demonstrate whether lysis was caused by weaknesses in the cell wall. Lysis can be prevented by osmotic stabilization in cells which lyse because of nonfunctional cell wall material (25) . Some known osmotic stabilizers were tested for their ability to prevent lysis by penicillin in this organism. Neither sucrose, ethylene glycol, mannitol, glycerol, nor sodium chloride could prevent lysis when used in concentrations which were not toxic to growth. Carbowax 6000, at a concentration of 20%, was not toxic to the growth of high-biotin cells, and prevented lysis of penicillin-treated cells; however, no osmotically fragile forms were found. The same results were found by using the lytic response of low-biotin cells. It appeared that penicillin-treated cells, and possibly low-biotin cells, are permeable to the osmotic stabilizers tested, with the exception of Carbowax, which prevents lysis by means other than osmotic stabilization, possibly by inhibiting growth.
Macromolecule synthesis was followed during growth of biotin-deficient cells. Figure 4 shows the increase in RNA, DNA, and protein during the period in which the culture attained its maximal turbidity. Net RNA synthesis was greatly retarded at about one generation time before maximal turbidity was attained. At about the same time, net protein synthesis became approximately arithmetical, and then dropped off rapidly as growth ceased. Net DNA synthesis proceeded during this interval until the phase of maximal turbidity was reached.
In order to determine whether de novo synthesis (denotes synthesis from newly synthesized precursors, and not from degradation products) of RNA occurs during the period when net RNA synthesis is retarded, incorporation of 32p_ phosphate into total RNA was measured. Highand low-biotin cultures were exposed to 32p_ phosphate in the low-phosphate medium for a period of several hours after net RNA synthesis had stopped. The RNA was extracted at various intervals and the specific activity was measured (Fig. 5) "4C-ribosomal protein in the absence of net ribosome synthesis. In either case, these figures confirm the selective inhibition of net ribosomal RNA synthesis, in the absence of a significant inhibition of total protein synthesis.
Coinciding with the onset of lysis, there begins a period of de novo RNA synthesis. 32P-phosphate is rapidly incorporated into RNA during this period, although the total amount of RNA in the culture does not change substantially. Low-biotin cells were exposed to 32P-phosphate in the lowphosphate medium for several hours following the retardation of net RNA synthesis (Fig. 6) . The lack of de novo synthesis of RNA is evidenced by a lack of 32P-phosphate incorporation during the first 2.5 hr. After this period, however, is a period of rapid incorporation. At 5 hr, all RNA present has been synthesized de novo. Similar results were obtained by using 3H-uridine as the exogenous precursor. Much of the new RNA is unstable, as evidenced by the loss of 32P from newly labeled RNA after a chase with a 10-fold excess of 3"P-phosphate (Fig. 7) . Sucrose density gradient sedimentation profiles revealed no distinguishable difference between RNA made during this period at the onset of lysis and that found early in low-biotin cells, or that found in high-biotin cells.
DISCUSSION
During the growth of B. polymyxa ATCC 842 in biotin-limiting medium, we initially observe a retardation of cell division. This event is followed closely by an inhibition of net RNA synthesis and a simultaneous arithmetical accumulation of protein. No cause-effect interpretation of the altered synthesis of RNA and protein is possible at this time; it is likely that either of these alterations would consequently be accompanied by the other, since the rates of RNA and protein synthesis are closely interrelated in microorganisms (15) . Nor is there evidence to establish a causal relationship between the retardation of cell division and subsequent events in the cell. period of lysis. A 250-ml culture containing 50 mpAg of biotin per liter was exposed to 0.5 pAc of 32P-phosphate beginning at the time indicated in the insert. Samples were removed and "chased" with a 10-fold excess of 38P-phosphate ( .). Specific activity of the culture incorporating 82P-phosphate (0); specific activities after the various "chases" (0). Methods used for the determinations are described in the text. Low biotin = 50 mpAg/liter.
It has not been determined whether the synthesis of RNA is actually inhibited during the first few hours after loss of net RNA synthesis (Fig.  5 ), or whether a rapid RNA turnover occurs. The rate of incorporation of exogenous precursors reflects the actual rate of synthesis only when all of the product is synthesized from the exogenous precursors. The possibility remains that part or all of the RNA that may be synthesized in lowbiotin cells is derived from degradation products. In this case, the rate of incorporation of exogenous precursors reflects only the rate of net synthesis.
For RNA synthesis, we have shown that any such degradation products are probably reutilized efficiently, since the rate of incorporation of exogenous precursors is slow during the first few hours of RNA limitation. Thus, it has been con-firmed by radioisotope studies that net synthesis of ribosomal RNA is retarded, but total protein synthesis proceeds at only a slightly reduced rate.
Several hours after the limitation of net RNA synthesis, de novo synthesis of RNA resumes. The appearance of renewed de novo synthesis approximately coincides with the time at which ceUs begin to lyse (Fig. 6) The observation that UV induces a delayed lysis suggests that the cell is lysogenic or bacteriocinogenic (10, 11, 14) . The 
